The different steps for the classification of waste as hazardous are the collection of information, the use of the European list of waste, the sampling, the analysis, the tests, the hypothesis of speciation of elements into mineral substances, the collection of hazard statement codes of substances, and finally, the comparison of weighted sum or maxima of concentrations or tests results with given concentration limits for each hazard property, or possible use of now available internet sites. Practical methods are suggested: tables for generic classification of elements, for "worst case with information" speciation hypothesis of elements into mineral substances, tests for hazardous property HP 1, HP 2, HP 3, HP 12, HP 14, methods for HP 9 and HP 15. P. Hennebert / DETRITUS / Volume 07 -2019 / pages 13-28 14 tions, this classification allows the management of hazardous waste by controlling the risk of their reuse or recycling for people, infrastructures, and the environment.
INTRODUCTION
The hazard classification of waste is useful for the sound management and the recycling of potential resources. According to the EU, the chemicals and waste policy areas are now converging, since the aim is to minimize the adverse effects on human health and the environment, by phasing out hazardous chemicals or reducing their release into the air, water and soil. An exhaustive analysis of elements and substances as well as some tests are required to prove that a waste is non-hazardous. This process can help to identify substances of concern not clearly evidenced by the waste management community. Many of these substances were legally used when the products were manufactured, but when those products become waste and are recovered, the now banned or restricted substances may still be contained in the recovered material. This classification can be used to improve the recycling of resources and to avoid dispersion of hazardous elements or substances during uncontrolled uses (avoiding loops of hazardous substances). Some notable examples are plastic products with low concentration of antimony and brominated flame retardants from recycled plastics, concrete blocks with granulate of lead activated glass from cathode ray tubes, or dike reinforcement by sand and gravel from copper and lead slags.
This paper will introduce practical methods and tests for waste classification. A novel approach for speciation of elements into substances based on "worst case with information" of the physico-chemical characteristics of the waste, as a first step for classification, will be proposed. This method makes it possible to immediately identify the elements that cannot classify the waste as hazardous and thus to concentrate the classifier's efforts on the elements that can be classified as hazardous. A special attention to HP 14 'Ecotoxic' will be paid, the most frequent hazard property (when the multiplying factors of the concentration are used for the most hazardous substances, as in products).
To fine-tune the classification of waste is not a routine job. Interactive sites like HazWasteOnline (https://www. hazwasteonline.com/ of OneTouch Data, UK) or Classify-MyWaste (https://www.ecn.nl/classifymywaste/ of Energy Centre of the Netherlands, NL) are helpful in the speciation options, and provide reliable and up-to-date hazard statement codes, classification rules and classification reports. The first site mentioned, HazWasteOnline, has nice interfaces for uploading the data of composition. The speciation options are proposed to the user. The website documents all the choices in a very complete report. The ClassifyMyWaste website offers worst-case calculations for all the elements mentioned in the CLP. This first approach is useful to identify elements of concern.
The structure of this document follows the logical reasoning of waste classification: (i) Legal background, technical guidance, general assessment, (ii) Sampling, analyses and tests, (iii) Hazard statement codes of substances, (iv) Speciation of elements into mineral substances, (v) Hazard properties of waste (mixtures of substances).
The purpose of this paper is to help waste producers, waste managers and public authorities to use the classification of hazardous waste. In addition to the legal obliga-The 15 hazard properties of waste plus the POP rendering waste hazardous are presented in Table 1 , that will be used all along the paper. They cover physical, health and environmental hazard. They can be assessed by expertise, by (bio)test, or by chemical composition and calculations (last column of Table 1 ).
Legal background can be found in the EU (2014a, b), the EU (2017a), and in national regulations. A European notice of technical guidance is available (EU 2018) . UK and Nordic countries have proposed guidance documents (NRW et al. 2018 , Norden 2015 . To assess whether a waste is hazardous or not, the available data about the waste composition and properties must first be gathered, data such as:
• Knowledge of the waste and the process originating the waste; • Literature data; • Statistics of composition;
• Waste analysis (fractional composition analysis, physical and chemical characterization, bioassay, etc…).
The existing information on the waste can at best be enough to classify without performing complementary (analytical) work. Otherwise, it can guide the choices on the order and verification of the 15 hazard properties and the persistent organic pollutant (POP) content.
A tiered assessment is recommended:
• 1st tier: The classification by origin of the waste according to the European List of Waste (LoW) as "hazardous", "non-hazardous", or as "mirror entry". In this latter case: • 2nd tier: Some HP can be assessed as "hazardous" or "non-hazardous" by expert judgment; • 3rd tier: The remaining HP can be assessed as "hazardous" or "non-hazardous" from organic substances content and simple "worst case with information" hypothesis (using the tables of this document) from total elemental content. If the "worst case with information" approach is unsatisfactory (unrealistic, not in accordance with what is known of the waste), perform 4th tier; • 4th tier: For some HP, perform specialized total analysis, leachate analysis or speciation of mineral content (from elements to mineral substances), or tests.
If the waste exhibits at least one hazard property among the 15 HP or exceed some POP specific concentration, it is classified as hazardous. Conversely, to demonstrate that a waste is not hazardous, the 15 properties and POPs concentration must be checked as non-hazardous. For suspected hazardous waste, cascading work is typically performed in an order depending of the waste and is stopped as soon as one property is verified as hazardous. For suspected non-hazardous waste, a comprehensive study of the entire HP set is performed. It is important to remember that landfill acceptance criteria cannot replace the waste hazardousness assessment.
The European list of Waste (EU 2014a) has been refined with a more precise definition of "absolute" entries (hazardous or not) and "mirror" entries (waste that can be hazardous or not depending on the concentration of hazardous substances) in (EU 2018) . If the waste fits in an "absolute entry", the classification is done. Otherwise, further analyses (calculations or testing) are required.
SAMPLING, ANALYSES AND TESTS
The first step is the representative sampling. A precise sampling plan requires the previous knowledge of the elements or substances' distribution, ideally for each range of particle size. Standards for sampling plan calculations and sampling techniques are available (EN 14899, CEN/ TR 15310-1 to -5, EN 15002) . Regarding waste of electrical and electronic equipment (WEEE), sampling plans are suggested for some fractions (CENELEC 2015) . For solid waste, the key concept (from the binomial law) is the number of particles that must be in a portion of matter to be representative of a larger portion of matter. This number depends on the analytical precision achievable for the analyses of the smallest possible test portion, and the frequency of particles having the studied property. From data of analytical variability and experimental data, the resulting recommended number of particles that should constitute a sample at any scale from the waste stream (thousands of tons) to the test portion (frequently less than one gram) is estimated being 100 000 if some particles are rare (1 of 1000) (CEN TR/15310-1 to -5, EN 15002, Hennebert 2019). Sampling delivers one or more laboratory samples.
The second step is the analysis. The laboratory samples must be pre-treated according to EN 15002. A standard method to determine the elements and organic substances contained in waste (with an analytical mass balance > 90% for solid waste and > 70% for liquid waste -not considering water) is practiced in France (AFNOR XP X30-489, Hennebert et al. 2013 ) and discussed at the CEN level (TC 444 'Environmental analyses of solid matrices'). Specific laboratory methods are needed for some peculiar analyses: centration of (total) polychlorobiphenyls (PCB) should be done according to EN 12766-1 and EN 12766-2 (petroleum products and used oils) as explained in (EU 2018) : the total PCB content is calculated as five times the sum of the concentrations of 6 selected congeners 28, 52, 101, 138, 153 and 180 (method B) . These congeners represent in fact about 20% of the mass of all the congeners in the commercial mixtures (with variations according to the rate of chlorination thereof); • Some POP substances require specific laboratory methods; • The extraction yield of additives in plastics (brominated flame retardants in fire-protected plastics, pesticides in packaging), must be checked with reference material. The analysis of brominated flame retardants in plastics should be done according to EN 62321-6, and in the other waste material according to EN 16377. These analyses are best conducted in industrial (product control) laboratories rather than environmental laboratories.
For HP 1 'Explosive', HP 2 'Oxidising', HP 3 'Flammable', HP 12 'Release of an acute toxic gas' and HP 14 'Ecotoxic', laboratory tests complement the laboratory analyses, or are the preferred methods. These tests will be presented with these HPs.
HAZARD STATEMENT CODES OF SUB-STANCES
A third step is to gather the hazard statement codes of substances (HSC) found or assessed in the waste. The EU "harmonized" classification of Table 3 .1 of Annex VI of the CLP Regulation (CLP 2008) and its different adaptations to technical progress (ATP) should first be used (spreadsheet file: https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp). The ECHA's Classification and Labeling (C & L Inventory) database (with the information of Table 3 .1 (blue-headed tables), and the classification by the notifiers (yellow-headed tables)) (http://echa.europa. eu/web/guest/information-on-chemicals/cl-inventory-database) are not validated by ECHA but can be used in the absence of harmonized classification. In France, the portal of chemicals of INERIS (http://www.ineris.fr/substances/ fr/) is also taken as a reference (bilingual English/French).
SPECIATION OF ELEMENTS INTO MINER-AL SUBSTANCES
The laboratory delivers a total elemental concentration for each element, and a substance concentration for organic substances. The elements have no hazard statement codes (HSC), except for 11 elements with "generic" classification (Table 2) . So, the fourth step is speciation of elemental concentrations into mineral substances concentrations.
Some forms or substances have specific methods:
• Calcium oxide or hydroxide (important for HP 4/ HP 8 in thermal process residues like slags, bottom ashes, ashes) and limed waste (sludges from WWTP) or containing lime (concretes and mortars and construction and demolition waste) should be measured according to EN 1744-1 (aggregates, not suitable for low concentrations) or EN 451-1 (fly ash). The EN 459-2 (building lime) and the EN 196-2 (cement) should not be used for another waste/material. Quicklime CaO and hydrated lime Ca(OH) 2 can be differentiated by thermogravimetry (quantification of the loss of water during heating). These analyses are carried out by laboratories specialized in studies and research on building materials; • Chromium (VI), also called chromate, is measured by EN 15192.
Specialized laboratory methods are available for speciation: X-ray diffraction (limit of quantification 5%-1%), thermogravimetry (0.5%), specific extraction and analysis (as calcium oxide and chromate), and extraction at different pH with geomodelling (10 mg/kg). These methods are not practiced in routine characterization of waste, excepted Cr (VI). A synthesis can be found in AFNOR FD X30-494:2015.
A first simple approach is to calculate "worst case with information" substances concentrations (Table 3) , using among other information of leaching concentrations. If the waste is calculated not hazardous, the assessment can be stopped. In Table 3 , the elements are presented in the following order: major elements (of the earth's crust), major anions, 12 "heavy metals", and various minor, rare or little sought-after elements. A summary for teh 12 "hevy metals" is presented in Table 4 . Tables 3 and 4 1. Generic hazard statements are used primarily because they avoid hypotheses of speciation in substances.
Choice of substances "worst case with information" of
It is necessary to check in the Harmonized Table the hazard statements for substances (Annex VI of CLP) that the "other substances" of the same element (most often chemical industry intermediates, or highly reactive substances not found in common waste) are not in the waste. Substances with only one hazardous element are preferred (i.e. lead sulfate rather than lead arsenate); 2. Soluble forms if they have the relevant hazard statement codes (mainly sulphate -higher molar mass -for most properties, and chloride in some cases) are then used because they are often biologically more active, and their presence and concentration may be verified by leachable concentrations (EN 12457-2); 3. The most hydrated forms of substances are chosen because the concentration of element is lower for a given substance concentration; 4. In the absence of soluble forms, simple oxides (and among families of oxides, the most present form in the natural environment) have been chosen; 5. Of the major elements, only those forming acids and strong bases with hazard statements were used. Elementary forms (metal, oxidation stage 0) and very reactive forms, especially with water (hydrides, ...) were not retained, with one exception: elemental lithium, present in some rechargeable cells and batteries at a concentration of about 2%. The case of glass wool (index No.
650-016-00-2, H351), refractory ceramic fibers (index No. 650-017-00-8, H350), glass microfibers (fiber optic index No.° 014-046-00-4 H350 and glass fiber index no. 014-047-00-X H351) (see file Annex VI of the CLP mentioned above) has not been considered here. If the presence of such fibers is suspected (for instance in the ceramic of some models of catalytic converters), specialized laboratory analyses have to be performed; 6. Finally, when only one substance in the element has the relevant hazard statement, it is chosen, even if it is rare.
For example: the only lead substance with the hazard statement H350 for the property HP 7 'Carcinogenic' is a sulfo-chromic pigment, with a lead concentration limit of 0.1%.
The conversion of the substance concentration into the elemental concentration is obtained by multiplying the mass percentage of the element in the substance (ratio of the atomic mass of the element multiplied by its stoichiometric coefficient, and the molar mass of the substance).
Indications of presence of these forms "worst case with information" in the waste
The presence and concentration of the chosen soluble forms (sulfate for most properties and chloride in some cases) can be verified by leachable concentrations (EN 12457-2). The pH and buffering capacity indicate whether acids (Cl, F, S, P, N) or bases (Na, Ca) are present and at which concentration (XP CEN/TS 15364). The redox potential and the redox capacity indicate whether oxidants [Cr (VI), Mn (VII), Cl 2 ] or reductants [Fe (II), sulphide, sulphite] are present and at which concentration (XP CEN/TS 16660). Calcium oxide and total chromate have specific analytical methods (see Analysis section).
Using the table
For properties defined by concentration maxima (denoted Max HP 5, Max HP 7, Max HP 10, Max HP 11, Max HP 13), if the total concentration of the element in the waste is less than the concentration limit of the "worst case with information" expressed in the element, the waste is not hazardous for this property by this element.
For the properties defined by sums of concentration (denoted Σ HP 4, Σ HP 6, Σ HP 8, Σ HP 14), the concentrations of the substances of all the elements plus the concentrations of relevant organic substances must be added according to the hazard statements in accordance with the rules of the Table 1 . CLP "Note 1" of generic entries means that the concentration limit applies to the element and not to the substances. These cases are reported in Table 3 .
The HP 14 property is presented for the three hazard statements codes (HSC) H400, H410 and H411, given that 50% of the hazardous waste is, in addition to the other properties, ecotoxic (according to our observations with the M factor system, explained below). Virtually all acute ecotoxic substances H400 are also ecotoxic chronic H410. Manganese and selenium may have one form with HSC H410 and another with HSC H411, which justifies two different lines for chronic HP14. Substances with hazard statements H412 and H413 are less numerous. Mineral substances ("worst case with information" approach) with the hazard statement H412 are SnCl4 and powdered nickel <1 mm (CAS No. 7440-02-0). Mineral substances ("worst case with information" approach) with the hazard statement H413 are cadmium sulphide (CAS No. 1306-23-6) , various nickel oxides (i.e. CAS No. 11099-02-8), and the elements Co, Se, Th and U (at the zero-oxidation stage), but the concentration limit is 25% (Table 3) . Waste with concentrations of 25% of these elements are resources.
HAZARD PROPERTIES OF WASTE (MIX-TURE OF SUBSTANCE)
During the fifth step, the hazard properties can be assessed by applying classification rules (Table 1) . Concentrations of substances lower than the cut-off values must not be considered. Waste can also be hazardous by some POP substances (EU 2014a) with specific concentration limits. The full list of these POPs and their specific concentration limits are presented in Table 5 . Note that there are other POP substances that do not classify the waste as hazardous by their POP characteristics but can classify waste as hazardous for some HPs by their specific hazard statement codes and concentrations, like non-POP substances. These substances and their HSC are included in the spreadsheet file presented in Chapter 4 and are presented in the second part of Table 5 (without "x" in the 4 th column).
Most POP substances also have hazard statement codes (not shown in Table 5 ), and hence concentration limits for HP, but they are always higher than by their POP content. Only short chain chlorinated paraffins (SCCPs) have a CL by HP lower than CL by POP regulation.
Physical hazard
6.1.1 By tests: HP 1 'explosive ', HP 2 'Oxidising', HP 3 'Flammable' These HPs are defined by the presence of substances with relevant HSC. They are in practice assessed by expert judgment and the origin of the waste, or by tests (Table 6 ). It has been recently suggested to calculate them if the chemical composition is known in detail (EU 2018). The website HazWasteOnline (see below) assesses HP 3 with total petroleum hydrocarbon analysis. The most commonly used methods are EC A9 (flash point for liquid waste) and UN N1 (speed of flame progression in a row of solid waste).
(Human) Toxicity
6.2.1 By analysis and calculation: HP 4 'Irritant -skin irritation and eye damage', HP 6 'Acute Toxicity", HP 8 'Corrosive' (sums of concentrations for these HPs); HP 5 'Specific target organ toxicity (STOT)/Aspiration Toxicity ', HP 7 'Carcinogenic', HP 10 'Toxic for reproduction, HP 11 'Mutagenic', HP 13 'Sensitising', HP ' POP' (maxima of concentrations for these HPs)
These HPs are typically calculated from chemical composition (Table 1 ). Biological tests have been evoked (EU 2018), without further clarification.
HP 4/HP 8
A European document (EU 2018) proposes, in line with the CLP, for classification according to HP 4 and HP 8 to consider the pH (≤ 2 and ≥ 11.5) and the buffer capacity (neutralization capacity of acids and bases, expressed in H + or OHequivalent per kg of material), especially in the case where not all substances in the composition of the waste are known. There is no buffer value indicated 3: Concentration limits (CL) expressed in substance and in element concentrations by "worst case with information" approach for 36 elements and 9 hazard properties by calculation (NH: not hazardous for these 9 HP; "Note 1": the concentration limit applies to the element; CL by element percentage with four digits to have direct conversion to mg/kg; the lowest CL by element is colored).
P. Hennebert / DETRITUS / Volume 07 -2019 / pages 13-28 20 20%) . Practically, the concentration of (totally soluble) NaOH in the waste can be assessed by the concentration of leachable Na and the pH of the leachate. The concentration of CaO/Ca(OH) 2 must be measured by a dedicated analysis (see Chapter 5 Speciation). If the pH of the leachate is ≥ 11.5, these analyses should be used to correctly assess HP 4. Speciation of Ni and Zn in substances should also be performed for HP 4 and HP 8. If either Ni or Zn is the only element with HSC H314 1A, 1B and 1C, H315, H318 and H319 in the waste, concentration of Table 3 can be used. Otherwise, the sum of concentrations of substances must be used (Table 1) .
By list: HP 9 'Infectious'
It is suggested to use the UN ADR list of infectious organisms, or the origin of the waste, or an expert judgment (ADR 2014). A technical report is available (Hennebert 2017).
By test: HP 12 'Release of an acute toxic gas"
The definition of HP 12 is that waste contains sub-stances with HSC EUH029, EUH031 and EUH032. These (very) reactive substances are not analyzed in routine environmental laboratories. Therefrom, the following method is proposed (Hennebert et al. 2016a ):
1. Measure the volume of gases emitted into contact with water or an acid (automated calcimeter in 5 min, solid/ liquid ratio of 10 l/kg, acid 2.5 M HNO 3 ). The limit of quantification has been found at INERIS to be 0.1 liter of gas per kg of raw waste in 5 minutes; 2. If gas is emitted beyond that limit, check if one of the following gases is emitted: HCN, HF, PH 3 , H 2 S, SO 2 , HCl and Cl 2 with detection probes or simple qualitative colorimetric methods; 3. If one of these gases is detected, specify the emitting substances (either by direct method if they are in high concentration or by calculation by the "worst case" method if they are in low concentrations, or by specific methods) and check whether they have a hazard statement code EUH029, EUH031 or EUH032, or alternatively check if the waste is likely to contain substances with these HSC (list in the publication).
Ecotoxicity

By calculation: HP 14 'Ecotoxic'
The calculation formulas are presented in Table 1 .
Substance
CAS No EC No
Waste hazardous if concentration > CL (2014/ 955/ UE) 
Concentration limit of the POP regulation
Discussion on calculation methods
The method does not include the multiplier of concentration of substances with H400 and H410 hazard statement codes of the CLP (M factors), developed by classificators of products to fine tune the calculated ecotoxicity of mixtures with the most ecotoxic substances (CLP 2008) . This multiplier (10, 100, 1000…) depends on the ecotoxicological effects of pure substances observed in ecotoxicological laboratory tests for substance classification. The method with M factors (CLP method limited to the level 1 and 2 of chronic ecotoxicity) has the best correspondence (80%) with the European List of Waste (Hennebert et al. 2014 , 2016b , MEEM 2015 . The list of harmonized M-factors is continuously completed (for instance 10 M-factors for copper in ATP9 of CLP (EU 2016)). Some classification of waste with the two methods are presented in Table 7 . This point is raised because discrepancies occur when some waste become products in the circular economy and vice-versa (examples in Table 7 ). Without M factors, the sum of acute ecotoxic substances H400 must reach 25% of the waste, and the waste will almost never be ecotoxic acute. The rule that classifies waste is that of chronic ecotoxicity.
Attribution of an ecotoxicity hazard statement code H400 and H410 to H413 to an element
To avoid speciation hypothesis and to attribute an HSC to an element in a waste (whatever is/are the substance(s) of the element), a simple method is to compare the leachable fraction of this element to the lowest published EC 50 (concentration producing 50% of biological effect in acute/ short term tests) or NOEC (no-observed effect concentration in chronic/longer term tests) of that element. The ECHA Guidance document states that: "IV.2.3 Comparison of aquatic toxicity data and solubility data -A decision on whether or not the substance is classified will be made by comparing aquatic toxicity data and solubility data." (page 586 of ECHA 2017). The measured solubility of an element from a substance is compared with published ecotoxicological data of the same (dissolved) element (USEPA data base, INERIS portal, list for common elements and corresponding HSC in Hennebert et al. 2014 ). If the soluble concentration of the element from the unknown substance(s) is lower than the classifying EC 50 or NOEC of that dissolved element, that substance is not ecotoxic. If it is higher, the element is ecotoxic, and an HSC can be attributed to the unknown substance(s) of this element, according to the CLP rules (see Table 4 .1.0 of the CLP, not presented here). The total concentration of the element (and not only the leachable concentration! See for instance CEWEP 2017) must be used in the HP 14 calculation. This approach has been proven to be consistent for a large set of waste with the European List of Waste classification and the calculation method with M-factors (Hennebert et al. 2016b ). Tables of lowest EC 50 and NOEC are supplied in this later paper.
Bioavailability
The assessment of waste should consider the bioavailability of the substances (EU 2017 (EU , 2018 . According to ECHA guideline: "In general, there are no specific environmental test methods developed to measure biological availability of substances or mixtures." (ECHA 2017). Bioavailability of elements and substances of waste is not limited to the leachable fraction: ingestion, inhalation, dermal contact are significant routes of exposure. The bioavailable fraction is not measurable. It seems today that the best method to assess bioavailability is to use a battery of biotests (Table 8) .
Classification by calculation with leachable concentrations instead of total concentrations
The principle is to calculate the sum of ecotoxic substances using leachable concentrations, rather than total concentrations. Leachable concentrations of metals are (Pandard and Römbke 2013) , now without options and with validated concentration limits (Hennebert 2018) (Table 8) . Concentration limits are based on a reference: it is not possible to assess "ex nihilo" the hazardousness or not of a given biological effect. Educated guess by experts has not produced a consensus on that topic since the '90s (Hennebert 2018) . The proposed concentrations limits are simply the highest ecotoxic effect observed in a set of 10 waste non-hazardous by the European list of waste (taken as the reference) and well-studied from Belgium, France and Germany. They have correctly classified 13 hazardous waste by list as ecotoxic. Hence, these limits are validated by 23 waste from 3 countries. They can be improved, as more data of H or non-H by list (in particular from the Member States of the EU) are available. Discussion on neutralization of leachate of acid or alkaline waste before dilution and testing, or for some dilutions EN 14735:2006 "Characterization of waste -Preparation of waste samples for ecotoxicity tests" states at section 10.5 pH: "Tests shall be carried out without pH adjustment of the test portion. pH of all test mixtures is measured at the beginning and at the end of the test and reported." And in a note (non-normative): "If toxic effects are observed in the dilutions where pH is not compatible with the survival of the organisms, the test(s) can be repeated with pH adjustment of the test portion." As most elements (in particular in equilibrium with a solid phase) are more soluble in acid and alkaline pH domains (for instance CEWEP 2017), the pH neutralization (for some dilutions of the test portion or for the whole test portion) precipitates a significant part of the elements (for instance Nilsson et al. 2016 ) and reduce ecotoxicity beyond the effect of [H + ] or [OH -] concentrations. The classification of waste for the hazard property HP 14 'Ecotoxic' is weakened: experimental data show that neutralization of the leachate before dilution deletes ecotoxicity, even when the final pH of the different mixtures of culture medium and waste leachate is the same. The effects are less if only the ecotoxic dilutions are neutralized (and not the original leachate). Additional neutralization of leachates removes ecotoxicity, beyond the ecotoxicity of H + and OH -. It should be noted that the culture media that is mixed with the waste leachate at different dilutions for the test (the result of the test is a dose/response relationship) is buffered for acid/ base concentrations. The test battery has been developed since 2006 without pH neutralization of the leachate.
To reduce ecotoxicity for beneficial use, prior to reuse or storage in contact with natural environment, the waste flow (and not the laboratory waste leachate) should be pre-treated. For acidic waste (like waste containing sulphide that oxidize to sulfuric acid in contact with air), input of alkalinity (eventually with waste like concrete) is necessary. For alkaline waste, a simple solution is to let them freely evolve by natural carbonation with atmospheric CO 2 , to reach the desired pH, like the "maturation" of the municipal solid waste incinerator bottom ashes. If the soluble alkalinity in the waste is sodic or potassic, soluble calcium (like synthetic gypsum from desulfurization of fumes of coal power plants) must be added. The soluble alkalinity will precipitate as calcium carbonate, and the pH of the liquid phase will be about 8.5 when the reaction is completed.
Capable of exhibiting a hazardous property not displayed by the original waste
Aside the presence of some very specific heating or explosive substances in confined environments with specific HSC (EU 2018), this HP needs a specific study. Waste with reduced substances that can oxidize with detrimental environmental effects (sulphidic ores unbalanced by alkalinity, producing sulfuric acid and dissolving mined elements, acid mine drainage), substances that can be liberated by anaerobic biodegradation of organic matter (decay of marine algae producing toxic H 2 S) or on the long term by weathering of minerals, should be considered. The presence of sulphide and alkalinity can be assessed by EN 15875. It should be noted that "acid-generating tailings from processing of sulphide ore" are a hazardous entry in the European List of Waste (01 03 04*; "*" means hazardous in the list).
CONCLUSIONS
A complete set of practical methods is now available for a proper classification of waste, becoming more important as loops of material are increasingly created in the circular economy. Experience has shown that unexpected substances can be detected by the methods expounded here, allowing a better management of matters and materials.
A novel approach for speciation of elements into substances based on "worst case with information" of the physico-chemical characteristics of the waste, as a first step for classification, has been suggested. This method makes it possible to immediately identify the elements that cannot classify the waste as hazardous and thus to concentrate the classifier's efforts on the elements that can classify as hazardous.
Finally, the identification of the hazard helps waste producers, waste managers and public authorities to manage hazardous waste by controlling the risk of their reuse or recycling for people, infrastructures, and the environment.
